From several tasks needed for taking care of disabled and/or bedridden people, bath is one of them. After bath, of those persons, one of most important tasks is related with during the human body, mainly in users with reduced mobility. Those users need some specific assisting devices that can help them performing drying their own body after bath. Existing devices, for those purposes are not satisfying those people for several reasons that are explained on this paper. The main added value of this paper is the proposition of a mechatronic device for performing those tasks, related with human body drying, and covering some gaps detected when other similar systems have been analysed. An equipment, for being attractive in this domain, must combine three main requirements: comfort, efficiency and safety. Those three characteristics were always taken in consideration during the design of the proposed solution. That solution is presented in this paper as a future and it is expected that can to solve the majority of the identified problems in the mentioned context. A conceptual model of the proposed solution is presented.
Introduction
Assistive devices for helping disabled, elderly and/or bedridden persons is a subject that is being studied from several years ago, in order to improve wellbeing for those persons due to demographic and social evolution of societies, mainly in developed countries [1] .
There are two main groups of equipment and devices that can be developed for assisting mentioned groups of persons: the information systems that the mechatronic/mechanical systems.
For the information systems, it is possible to use some, more or less traditional configurations for communicating on the environment, where are placed those persons, [2, 3] or exchanging communication from inside of the environment to doctors, or caregivers, by using communication networks and communication systems that are usually very efficient for those tasks [4] . In some critical applications, some analysis techniques [5] [6] [7] [8] [9] of the used controllers can be used, as in the case of critical systems for other applications.
Concerning mechatronic/mechanical systems, several aspects have been studied and some solutions have been presented in some domains, such as on the domain of transferring people from a position to another [10] or developing specific systems for assisting bath of bedridden persons [11] .
After analysing some domains in which some devices have been developed, it seems that one existing gap concerns the existence of devoted devices for drying human body after bath. In this field, the solutions are not adequate neither adapted to specific needs of potential users. In this paper, it is proposed a solution for a mechatronic device for this purpose and a conceptual model is presented.
In order to achieve the main goal proposed for this work, the paper is organized as follows: section 2 describes the state of the art about existing drying devices for human body, after bath; section 3 presents the main requirements for a system of this kind and proposes a possible solution for satisfying those requirements; section 4 discusses the main obtained results; and, finally, section 5 presents some conclusions and future work in this domain.
State of the Art
In addition to benchmarking on similar products/solutions, was imperative a bibliographical review of a several patents. Highlighting the most relevant topics of this analysis: Figure 1a ) shows The Body Dryer [12] . This product was never marketed officially, however, it was conceived as part of a campaign of a crowdfunding platform Indiegogo. The idea of this product was based on the emission (from the bottom up) of ionized air from a platform that could be applied to any soil. Despite the pre-sales and the generation of almost three hundred thousand euros of investment, the promoter of this product could not move forward with the project. Figure 1b ) shows the Care Dryer, a product produced by Haystack Dryers, which is dedicated to recreational body dryers and body dryers for geriatric and supportive activities. The products produced by this company have the peculiarity of being customized and the solution is always thought on a case by case basis according to the needs of the client. Of course, this customized support has a significant influence on price, delivery time and the need to include technicians both during the product development and the installation. Figure 1c ) shows the Tornado Body Dryer, a product characterized by the application in the shower and the principle of operation is based on the emission of hot air to the body through holes in the structure. Some of the problems reported by users relate to the low flexibility of the equipment (it can only be installed on a flat vertical wall) and the absence of a preheating, which implies receiving a cold flow at the beginning of each operation.
Figure 1: a) The Body Dryer; b) Care Dryer; c)
Tornado Body Dryer [12] [13] [14] Regarding patent review, we found a lot of diversity focusing on solving a specific problem. Not being at all versatile regarding a general solution.
CN1547446 -Based on ventilated air jets front to the user, mounting on a vertical rail allows you to adjust the height. It has the disadvantages of being a fixed structure on the wall and does not solve the problem of bedridden patients [15] .
GB2497798 -It bases its operation on air jets in three vertical tubes in order to increase the drying area. It has a proximity sensor to activate the system. It has disadvantages of high required space and does not solve the problem of bedridden patients [16] .
US4970736 -It is an ideal integrated solution for drying bedridden patients, but otherwise does not solve the problem of ordinary household users. It presents as disadvantages the high complexity, which leads to a difficult assembly [17] .
US5930912 -It bases the operation on ventilated air jets through three tubes positioned in specific positions to dry the front and the back of the user. It has the advantage of being collapsible, facilitating portability. However, when assembled it entails a high general overlap and does not solve the problem of bedridden patients [18] .
US6148539 -It is based on the operation of air jets implying high overall dimensions due to the geometry being a dome. It is not collapsible, so you cannot fix it. Another disadvantage is not solving the problem of bedridden patients [19] .
US20070039199 -System adaptable to a common shower, mounted on the shower area. It promotes a drying only over the user and may imply the need to resort to skilled labor in adapting the system. Other disadvantages are limited portability and do not solve the problem of drying bedridden patients [20] .
US2060331193 -It is characterized by a hose adaptable to a common shower when connected to a fan. It is based on an air jet and has the advantages of being flexible enough to aid drying in more localized areas. As disadvantage has the low drying efficiency [21] .
The analysis of competition and the review of patents were fundamental inputs in the development of the project. The system is presented with a mixture of several components in a new and more complete solution.
Therefore, a new solution was designed based on versatility, comfort and efficiency.
System Development
The design methodology covers all the techniques, procedures and 'tools' that the designer can use in combination to achieve a specific goal within a welldefined deadline [22] . Therefore, our idea came up in an approach composed of six phases, where each one will be composed by internal stages.
During the project, eight important aspects were assumed as required (Table 1) : Maximum air speed of about 10 m/s; Structure in innocuous materials to allow an easy cleaning; Capacity to support bending tensions caused by a user with 120 kg;
Easy sanitation of all the exposed components; Possibility to choose temperature; Parameters controlled by the user; Poka-Yoke mounting sequence; Furthermore, some other characteristics were assumed as desirable but not required (Table 2) : Automatic switch off after one cycle Figure 2 shows the proposed drying system. The main distinguishing factor of this system is the ability to dry users lying down, responding to the problem of drying bedridden patients; and dry users standing, covering the range of home users.
In the case of standing users (Figure 2a) , the system has a telescopic tube allowing the appropriate height adjustment for each user. In addition, to prevent the user of pulling down the equipment while holding the knob, it is equipped with an anchor that must be activated at the rear of the system before the operation (without it the system will not turn on).
In the case of bedside users (Figure 2b) , the system provides the functionality of turning the drying arm 90°, emitting infrared radiation and blowing hot air. In this mode of operation, the caregiver (it is assumed that bedridden users will require the assistance of a caregiver) will move the system along the body of the bedridden promoting the drying of the whole body.
During the benchmark analysis, one of the user complaints was related to the beginning of the operation on a ventilation based dryer. In fact, at the start, the heat resistance is not on the proper temperature so the user receives a wave of cold air that is uncomfortable and can cause health problems.
In both operating modes, the combined action of radiation and ventilation makes drying more efficient, allowing rapid body drying.
The option for a combined solution was linked to the increasing versatility of products and to increase the range of potential purchasers of the product, since it covers different market types (common users, elderly population and continued care). This would solve two problems faced by the elderly: danger of falling in case of climbing to some platform or step and the difficult drying of the back with the towel. • Operation modes Another aspect to highlight in the designed solution was the possibility of opting for the individual activation of radiation drying or ventilation, in addition to the predefined mode that considers the combination of both. It was thought that an even more customizable model could be applied by the operator, but it was considered that the four levels established and the possibility of free combination between the two integrated methods already allowed sufficient flexibility, avoiding a greater complexity of design in the development relating to the control system.
Regarding the operating modes, the premise in the creative phase was the versatility. Following the prior review of the state of the art, it has been found that existing solutions focus on solving very specific problems, and it is clearly advantageous to create a disruptive and ambivalent solution. This would achieve the best of both worlds: on one hand ensuring the resolution of the drying problem and on the other hand increasing the scalable potential by widening the market spectrum covered by the new product.
Due to this the projected solution will have two main operating modes, designated A and B.
Mode A, Figure 2a ), for the drying of common standing users, and mode B, Figure 2b ), for the drying of bedridden patients.
In the case of mode A, vertical use by ordinary users, the lamps connect together with the electric resistance, as soon as the resistance heats the air it will be vented against the wet body, promoting drying through a combination of methods (radiation and ventilation).
The intensity of the radiation and pressure of the ventilation will have a maximum limit of safety to avoid damages to the user and to guarantee comfort. It will be possible for the user to regulate the currents through the interface built into the system.
In case of mode B, horizontal use for bedridden patients, only the upper lamps will work, since the rest would not perform useful work, besides the ventilation system. The caregiver who will support the bedridden patient will be responsible for positioning the system, moving it along the length of the patient as it is drying (it is assumed that 3 to 4 positions are required until complete drying). In the same way, the caregiver can regulate the system within a previously subdivided range of 4 levels of functioning, considering the specific safety limits for elderly bedridden patients.
It should be clarified that at any level the operator may choose to individually use one of the drying methods or a combination of the two. For example, level 0 for ventilation and 3 for radiation will only use the radiation as a drying method; Level 2 for ventilation and level 3 for radiation will cause the two methods to be combined. In the Figure 3 , the control interface is represented.
Figure 3: Representation of the control interface
The incorporation of a hose connectable to the system increases the flexibility in the drying process, allowing a more localized drying.
Considering the initial phase of analysis and optimization of the solution, it was important to dimension the ventilation system and the infrared radiation system.
The domestic power grid is limited to the single-phase mains and should not exceed 2500 W. The drying/heating solutions almost always involve a high energy expenditure. For this reason, a power distribution by the main elements of the system was considered to achieve an energy balance that favors functional performance. Figure 4 illustrates this power distribution, having allocated 1800 W, with a division of 1600 W for electrical resistance, 600 W for infrared lamps, 200 W for the fan and the remainder for other components with lower energy requirements like the display. The drying process presupposes a combination of ventilation and radiation. Therefore, it was necessary to dimension the equipment according to a fluid mechanics, so that not only the pressure of the air jets is adequate, but also a dimension and geometry of the grooves.
For this project, it was assumed that the subfunction of air ventilation may be similar to that used in electric bathroom hand dryers. Knowing that the area of the body is much superior to the area of the hands, it was chosen to aim the flow of air in the equipment at 440 m 3 /h, about twice that of hand dryers.
Since it is a power available was limited, we can compromise between the airflow and the temperature increase that we want. On the other hand, a choice of fan and resistance is crucial to ensure the desired parameters in the most efficient way possible, maximizing system performance.
Starting from the power of 1800 W for this subsystem, we chose a division with 1600 W for the electrical resistance and 200 W for the fan. Thus, from a flow of 440 m 3 /h, it was possible to heat the ventilated air at about 3 °C.
As one of the objectives for this equipment was adaptability to each case, the ventilated flow and temperature rise of the ventilated air can be adjusted to different combinations of operation, obeying the condition that for a lower flow, with the same dissipated electric power on resistance, the increase in air temperature will be greater.
To achieve a maximum output velocity of 10 m/s, which ensures no damages on the user's skin, and considering 440 m 3 /h of flow, through the equation 1:
Where Q represents the flow rate, A represents the cross-sectional area and v the fluid flow velocity, an area of 0.0122 m 2 or 122 cm 2 is obtained. By distributing the air outlets evenly over 150 linear centimeters corresponding to the height of the equipment (30 cm for the curve and other elements were excluded), it was calculated that the width of exits will be 8 mm, distributing the 8 mm total by 4 outlets of 2 mm wide each as shown in Figure 5 .
Figure 5: Schematic representation of the conjugation between longitudinal grooves and infrared lamp
Regarding the expected fan pressure, considering that the design dryer does not include any filtration system and that therefore the only load losses will be caused by the length of the equipment, the constrictions in the air outlet and the curve (in mode B) led to opt for a dual-suction centrifugal lowpressure fan as shown in Figure 6 . Figure 6 : Centrifugal fan layout [23] As usual in engineering the team started from the principle of comparison to theoretically predict the drying time using only ventilation. For this it was based on hand drying equipment present in several bathrooms. The reference drying time announced by most manufacturers is 10 s [24] . Comparing the hand area, about 0.0896 m2 [25] , and the body area, about 1.8 m2 [26] , and considering that the body dryer equipment has twice the flow rate of the hand dryer, the ventilation drying subsystem should be able to dry the body in 3,35 min. Although if this time seems long, the effect of radiation should still be considered, which will reduce the drying time. It is ideal to achieve a minimum time of drying. But 3,35 min still below of 4 min, which corresponds to the average time that an elderly person takes to dry, as measured by potential users.
• Heat transfer by IR radiation
Regarding the radiation drying component, it was important to check for any legal restrictions on infrared radiation. For this purpose, the standard NP EN 060335-2-27:2015, which follows the European Standard, and addresses the requirements for ultraviolet and infrared radiation devices for skin exposure home appliances was acquired from the Portuguese Quality Institute [27] . From the analysis made to the norm, the following points are highlighted, numerically listed by decision of the authors:
1. "Infrared transmitter (IR emitter) -Radiant source constructed to emit energy at wavelengths of 800 nm or higher."
2. "Apparatus with only IR emitters shall be tested as heating apparatus."
3. "Instructions for devices with IR emitters shall be provided with eye protection warnings against exposure to infrared radiation and a warning to take precautions to protect the user against the danger of overexposure."
The considerations in the standard emphasize the special care in the treaty in point 3. It should be noted that the absence of greater restrictions on the use of infrared radiation validates the option of infrared lamps as aids to drying (in addition to drying by ventilation).
In relation to the sub-system of drying by infrared radiation it was important to include more than one lamp to maximize the distribution of the emitted heat. With this, we opted for low power lamps with a high relative filament length. These enable a good positioning relative to the general overlapping of the structure of the system for drying the human body after bathing.
As seen, 600 W were reserved for the radiation component of the system. It was decided to include 3 infrared lamps (wavelength of 1100 nm (Anon n.d.)), each with 200 W of power. One of them located at the bottom of the subsystem (only activated in vertical mode) and the other two located at the top of the system, allowing at least two of them to be used during the drying of bedridden patients and greater heat coverage in the largest areas/drying areas such as the trunk and hair.
Results and Discussion
According to the voice of the costumer, the main concerns of potential users were:
-Safety -so this new solution eliminates the need to climb to platforms or steps, reducing the risk of fall; -Efficiency -considering the average time of drying with towel, in the case of the elderly, was around 4 minutes; -Comfort -since for the elderly the drying of the back with the towel is a very present and difficult problem to solve.
To an initial approach the new solution presented in this paper proposes to respond to all these concerns. Notwithstanding, it is necessary to validate this theoretical analysis with practical tests.
It will be essential to understand the extent to which the combination of infrared radiation and ventilation will improve the efficiency of the apparatus through laboratory tests.
On the future construction of the prototype some techniques will be used, in order to decrease the global costs of its production [28] .
Conclusions
In this paper was presented a new solution to drying human body after bath. This solution was designed as a conceptual idea to a potential new tradable product.
A key aspect as justification for this project is the market space for penetration of new solutions in assistive equipment. Fundamentally because the other technological alternatives available on the market do not respond as fully to the problem as the proposed system.
The scalable potential that this area presents is significant as to the relevance that cutting-edge technology in a sector as specific as health/wellbeing can represent in the national context. The weight of technological innovation in the development of the country must be based on this type of academic research, seeking to generate versatile and marketable solutions that present distinct advantages in relation to the technological establishment.
The solution achieved anticipates the incorporation of added value compared to existing solutions. The main differentiating factor of the developed system is the drying capacity of users both lying down (in case of bedridden patients) and standing (domestic users), making possible an ambivalent and therefore versatile solution.
The operation of the new solution assembles two methods of drying (infrared radiation and ventilation), enhancing the drying efficiency. The aim of this project was to contribute to the wellbeing of society by solving a problem through a disruptive solution.
On the one hand, mixing two drying methods present individually in other solutions marked a technological evolution, on the other hand the bet on the versatility of a larger sales volume, covering a larger market.
Next of the project, related to the laboratory test of a functional prototype, will strengthen the theoretical ideas presented on this paper.
